The selective catalytic reduction of NOx with NH 3 (NH 3 -SCR) was investigated over Pt catalysts supported on various supports such as alumina, ZSM-5, SBA-15, and Al-SBA-15 with different amounts of alumina. Among them, Pt catalysts supported on Al-SBA-15 showed the higher NOx conversion at low temperatures than those of others. These also showed high NOx conversions over a wide reaction temperature. As the Si/Al ratio in Al-SBA-15 decreased, the NH 3 -SCR activity increased. This was closely related to the amount of strongly-adsorbed NH 3 .
Introduction
Selective catalytic reduction (SCR) of nitrogen oxides (NO, NO 2 , N 2 O) with NH 3 is a well-known reaction of post-combustion technology for the removal of nitrogen oxides from stationary sources and chemical plants [1] . Although V 2 O 5 /TiO 2 -based catalysts have been commercialized as medium temperature (573 ~ 723 K) de-NOx catalysts, there still exist challenges and opportunities to further extend the operation temperature window toward lower (423 ~ 573 K) operating temperature to meet the needs of industrial applications [2] .
Catalysts based on transition metal-containing zeolites have been intensively investigated in the first phase, but the strong decrease in the activity in the presence of H 2 O and/or SO 2 in the reactant [3] led to the development of alternative catalysts such as Pt/ZSM-5 [4] and Pt group metals supported on SiO 2 and Al 2 O 3 [5] . However, these catalysts have some limitations for the practical application because they have a narrow temperature window showing high NOx conversions.
SBA-15 [6] is a mesoporous material, which represents an interesting catalyst support for metal oxides, metals and organometallic compounds due to the combination of good accessibility, uniform pore size and high surface area. However, only a few works have been reported regarding catalysts based on SBA-15 for the application to SCR [7, 8] .
In order to combine the advantages of zeolites and oxide based systems, we studied the catalytic properties of platinum supported on mesoporous molecular sieves, SBA-15. This study elucidates the effect of alumina contents on the activity of Pt/SBA-15 catalysts for NH 3 -SCR to widen the operation temperature showing a high NOx conversion.
Experimental
A mesoporous SBA-15 silica was prepared according to the typical synthetic process reported by literature [9] . Triblock copolymer P123 and 2M HCl were dissolved in water to form a clear solution. Then TEOS was added to that solution under stirring condition then further stirred for 24 h at 313K and then for 24 h at 373K under static condition. The pure-silica materials were aluminated via post-grafting technique to prepare Al-SBA-15 (Si/Al = 20, 50 and 100). 1.0 wt% of platinum was loaded onto the Al-SBA-15 by an incipient wetness impregnation method using tetraamineplatium(II) nitrate as the Pt precursor. Subsequently, the Pt-supported catalysts were dried at 373 K, calcined at 773 K for 2 h in air. Catalytic activities were measured over a fixed bed of catalysts in a tubular flow reactor (8 mm I.D.). Reactant gases were fed to the reactor by means of electronic mass flow controller (MKS). The total flow rate of gases is maintained at 200 ml/min at room temperature with a resulting GHSV of 50,000 h -1 .. The reactant gas typically consisted of 500 ppm NO, 500 ppm NH 3 and 5 vol% O 2 in N 2 flow. The NOx concentration in the inlet and outlet gas was analyzed by means of a NO/NO 2 combustion gas analyzer (Euroton). The steady-state NOx conversion was measured at each reaction temperature.
Results and Discussion
The nitrogen adsorption-desorption isotherms and the corresponding pore size distributions of the catalysts are shown in Fig. 1 . All the catalysts give type IV with hysteresis loops at relative pressures from 0.3 to 0.7. Table 1 summarizes the surface area, total pore volume and pore size of Pt/SBA-15 catalysts. The BET surface area and pore volume of the SBA-15 are slightly decreased with increasing the content of aluminum incorporated. Table 1 and Fig. 1 indicate that the pore structure is nearly unchanged even after the alumination and platinum impregnation.. It is noteworthy that the mesopore structure is retained after the incorporation of aluminum and platinum impregnation. This is in good agreement with the N 2 adsorption-desorption isotherms and the corresponding pore size distributions for the Pt/SBA-15 and Pt/Al-SBA-15 catalysts.
The surface acidity is one of the most important properties required for a SCR catalyst. From the NH 3 -TPD profiles in Fig. 3 , it can be seen that the incorporation of aluminum into SBA-15 materials significantly enhanced the surface acidity of the catalyst compared to the original SBA-15. The weak acidity at low temperature (373 ~ 393 K) did not change systematically, while the strong acidity at high temperature (583 ~ 603 K) was increased with increasing the aluminum content of Al-SBA-15. The more aluminum contained on the catalyst surface, the more NH 3 
